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SUMMAEY 


A wind-tunnel investigation has been made to determi.ne the 
aerodynamic characteristics of a horizontal tai], surface with 
various amovints of unshielded horn balance and with the surface 
condition similar to that of a typical fabric -covered elevator. 

The wind-tunnel results indicated that the increments for the 
variation of hinge -moment coefficient with angle of attack and 
elevator deflection caused by change in the size of the unshielded 
horn are approximately linear functions of the ratio of the horn 
area moment to the elevator area moment. The control -force 
characteristics as estimated from the wind-tunnel data and as 
obtained from flight tests were in good agreement when the surface 
irregularities of the airplane were simulated on the model. 


INTRODUCTION 


An investigation has been made in the Langley 7” by 10 -foot 
tunnel and in flight of the horizontal tail surface of a torpedo 
bomber. Preliminary flight tests of the airplane showed that a 
large imdesirable change in trim force occurred when the flaps were 
extended and that the maneuvering forces were excessive. The wind- 
tunnel investigation was undertaken to determine the aerodj’^namic 
characteristics of the tail surface with various amoiuits of unshielded 
horn balance so that a satisfactory configuration could be determined. 
The variations consisted of removing part of the unshielded horn and 
adding it to the stabilizer. Flight tests of one arrangement were 
made to corroborate the wind-tunnel results- 

The present paper gives only the details of the wind-tunnel 
investigation. The control characteristics obtained in flight are 
compared with those estimated from wind-tunnel data- 
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METHODS AND APPARATUS 


The test setup is sho'^m schematically i.n figure 1 and in the 
photograph of figure 2. The semispan model was moxmted vertically 
in the Langley 7“ "by 10 “foot tvmnel with the inboard end adjacent 
to the tunnel floor which thereby acted as a reflection plane. The 
model was supported entirely by the balance frame with a small 
clearance at the tiumel floor so 'that all forces and moments acting 
on the model could be measured. The flow over the model simulated 
the flow over the left semispan of a complete horizontal tail 
mounted in a 10- by 111- -foot tunnel. Provisions were made for 
changing the angle of attack of the model and the deflection of the 
elevator while the tunnel was in operation. Elevator hinge moments 
were measured by means of an electrical strain gage mounted within 
the elevator. No tab hinge moments wore recorded. 

The 0.5"scale model of a left horizontal tail surface was 
f-umished by the manufacturer and conformed to the dimensions given 
in figure 3* Geometric characteristics of the model and the airplane 
are given in table I. The model represented the part of the airplane 
crosshatched in figure li-. 

Fcu;r different amouiats of horn were tested on the model (fig- 5). 
In these variations of tlie hom^ strips about I.5 inches wide were 
cut from the horn and added to tlie stabilizer. The gap between the 
outboard end of the stabilizer and the horn was kept at a constant 
value of 0.25 inch. 

Certain modifications were made to the elevator during the tests 
which made the model more nearly represent the horizontal tail surface 
of the particular airplane flight tested. The details of the 
modifications are shown in figvires 5 "to 7- Modification A consisted 
of enlarging the gap between the stabilizer and elevator by replacing' 
the circular trailing-edge section of the stabilizer (fig. 3) with a 
channel section (fig- 5)* Modification B included modification A and 
in addition consisted of enlarging the cut“out for the hinge "moment 
device to correspond to the tab mechanism cut-out on the airplane. 
Modification C included modifications A and B and an alteration of the 
elevator to simulate the contour and surface irregularities of the 
fabric -covered elevator on the airplane (figs. 6 and 7). 

A dynamic pressure of 16.37 poimds per square foot was maintained 
for all tests and corresponds to a velocity of approximately 80 miles 
per hour and to a test Reynolds number of 1,920,000 based on the model 
mean chord of 2.63 feet. 
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COEFFICIEl^ITS 

Cl 

lift coefficient (L/qS) . . . 

Cd 

drag coefficient (D/qS) • 'i- 

Cjn 

pltchlng-Dioment coefficient (M/qSc') , , 

Ch 

elevator hinge-moment coefficient (Hg./q'beCg^) 


where 


L 

twice lift of semi span model 


twice drag of semi span model 

M 

twice pitching moment of semispan model about mounting 
axle (fig. 3) 

3e 

twice elevator hinge moment of semi span model 

q 

dynamic pressure 

s 

twice area of semi span model. 

■be 

twice elevator span of semi span model 

c’ 

mean chord of semi span model 

Ce 

root-mean- square chord of elevator 


and 


P 

mass density of air 

V 

free- stream velocity 

Vi 

indicated airspeed 

a 

angle of attack, degrees 


elevator deflection relative to stabilizer, positive 
when trailing edge is deflected downward 


tab deflection relative to elevator, positive when trailing 
edge is deflected downward 
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c elevator chord, inches 

c^ tah chord, inches 

F„ stick force, pounds 

s 

rate of change of dovn'v/ash angle at tail of airp3.ane with 

Sa airplane angle of attack 

n nonaal acceleration dtiring maneuvers, g units 

Mg elevator area moment behind hinge axis about elevator hinge 
axis 

M. horn area moment about elevator hinge axis (fig* 3) 


ACh 

curves 


AC, 

^slopes 


ratio of increment of hinge -moment coefficient obtained 
from ciur-ves of x>lotted data to increment obtained 
from slopes of hinge -moment curves measixred 
at a = 6g = 0*^ 


Cl =(--) 

4g,6^ 
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CCISIECTIONS 


Jet -'boundary corrections were obtained by the methods of 
reference 1 and were applied to al!l. the data as follows : 

Aa = 1.480^ 

ACp = 0.0235Cj^^ ^ 

ACai = 0.0069Cj 

ACjj = 0.00530^ 

No corrections have been made for the effect of the gap between 
the root section and the floor or leakage around the support stioit. 

ERESENTATION OF DATA 


Eesults of the tests of various horns, elevator modifications, 

and tab settings are presented in figures 8 to 20. Figvire 21 

illustrates the variation of Cv and as a function of the 

"a 

ratio of hoin area moment to elevator area moment.” A comparison 
of the ciATves of against 6^ for tlie various horns is presented 

in figure 22. Figure 23 gives for one of the modified tail surfaces 
a comparison of the longitudinal trim characteristics estimated from 
V7ind-tunnel data with the trim chai'acteristics obtained in flight. 
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DISCUSSION 

Hinge -Moment Characteristics 


The results of both vind-tvinnel and flight tests with the 
original elevator (see tabulated stick forces in table II) indicate 
that it is necessary for the model to represent the tail surface 
of the airplane as nearly as possible if correlation with flight 
tests is to be expected. A summary (table II ) of the parameters 
obtained from the wind-tunnel tests (figs. 8 to 20) shows that the 
original model gave values of C>, and Cv, more negative than 

the average values obtained from flight. Since it ivas desirable to 
determine the effects of each modification on the hinge moments, 
tests were ms.de of modification A, then of modification B. The effects 
of modification C were obtained with horns 3 ^<3, these effects 

applied to the other horns. 


The main effect of increasing the elevator gap and adding the 
tab -linkage cut-out (modifications A and E, respectively) was to 
increase considerably the negative value of Cv . Combination of 

^e 

modifications A and B decreased Cj^ by on.ly 0.0002. The effect of 

^CL 

altering the elevator contour (change from modification B to 
modification C ) was to increase the value of Cv by 0 .0005 ®J^d to 

increase the valu-e of Cy^^ by O.OOO8. It is very likely that the 

positive increase in the hinge -moment parameters ms due largely to 
the increase in the trailing-edge emgle of the elevator (modification C). 
(See reference 2 . ) 


The effect of changing the horn area on the hinge -moment 
parameters (fig. 21) shows that the. variation of Cj^ find Cj^ for 

a &e 

both modifications B and C is approximately a linear fiuiction of the 
ratio of horn area moment to elevator area moment over the range of 
horns tested. The point for no horn v/as obtained fi-om reference 3- 
It must be remembered that these Viarameters as vrell as those in 
table II were obtained over a small elevator-deflection and angle -of - 
attack range and are not the average values over the flight range. 

The variation of elevator hinge moments with elevator deflection 
for three of the horns tested is shown in figure 22 . Hinge moments 
for the plain elevator (no horn) were obtained from reference 3- 
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In estimating control character?'.stics, the actual hinge moments and 
not the slopes and ^ should he used to determine the 

incremental values of C^. 


Lift Characteristics 


The lift parameters C^ 


and 




were not affected 


a °e 'e 

appreciably hy chaaiges in the size of the hom or hy the surface 
modifications. The effects on the parameters are shovm in table II, 
which includes a summary of the lift paraoieters for the varioiis 
arrangements tested. Enlarging the elevator gap (modification A) 


produced the greatest change; that is, both 
in magnitude. 




and a« 


decreased 


Tab Chai’acteristics 


The results of the tab tests for the original tail with horn 1 
are shown in figiures 8 to 11, and tab tests with modification C and 
horn 4 are shovm in figi'ores l8 to 20. A summary of the tab results 

( Ct and Cv, \ is included in table II. 


Tab deflection cavised only small variations on the elevator 
hinge -moment parameters Cj^ and Cj^ . The main effect was a 

displacement of the elevator hinge -moment curves. Note that the 
combined effect of surface modification and horn variation (table II ) 
caused no noticeable effect on the value of C, 

. n ci 

ot 


Estimated Airplane Characteristics and 
Comparison with Eli,;^t Results 

Several control characteristics of the airplane were estimated 
for each of the configurations tested. The characteristics are 
tabulated in table II for an easy comparison. The control 
characteristics were estimated from the geometric characteristics of the 
airplane shown in table I and from the control -surface deflection 
as detenained from flight tests of the airplane . The method used for 
the stick -force computation is given in the appendix. 
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Table II includes, in addition to the estimated control 
characteristics of the airplane, results of flight tests for a 
direct comparison with the tunnel data. In all cases, the values 
given are for a normal center -of -gravity location of 25.5 percent 
of the airplane mean aerodynamic chord. 

The stick forces from flight tests show excellent agreement 
with the estimated stick forces for the model with modification C 
and horn 1. This close agreement of the modified model emphasizes 
the importance of simulating aii^lane surface irregularities on 
models if ary' reasonable comparison •vri'bh fli^t tests is sovight. 

The flight tests and the tunnel tests for 'bhe original elevator 
show tliat the airplane had undesirable control chara-cteristics, that 
is, high stick forces in maneuvers and in trim changes due to flap. 

The tail showing "the most premise from wind“tv>nnel tests, 
modification C and horn 3^ which incorpora'bed a balancing tab in 
place of "the trim tab was flight tested. Results of the flight tests 
("table II) indicate, as is also indicated from wind-tunnel tests, 
that "this arrangement decreased considerably the undesirably large 
control forces and generally 'made these forces acceptable to the 
flying requirements (reference k) for this type airplane. Tlaere 
was close agreement between wind-tunnel data and flight data for the 
airplane wi.th the revised tail. 

A comparison betvreen fli^t and estimated characteristics for 
the airplane with modification C and horn 3 is shomi in figure 23 . 

The stick -force variation vri'th airspeed is very similar in the power- 
off condition for both instances. T!ie power "oxi condition showed a 
larger discrepancy, ma.inly a trim change. This trim change is 
probably due to the fact that variables caused by power could not 
be adequately accounted for in the calculations . 


COWCLIBIONS 

A wind-tunnel investigation > 7 as conducted to detexrmine the effect 
of vinshielded horn balances on the aerodj'’KS-mic characteristics of 
a 0 . 5 "scale model of the left horizontal "tail siirface of a torpedo 
bomber. Control characbei’i sties for the airp.lane were estimated 'from 
the wind-tunnel data and cotiroared with flight data. Tlie following 
conclusions were indicated: 

1 The variation of hinge -moment coefficient with angle of 
attack and with elevator deflection caused by a change in the size 
of the unshielded horn was approxi'xiiately a linear fmetion of the 
ratio of horn area moment to elevator area moment. 
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2 . The lift parameters vere not affected appreciahly "by 
changes in the size of the horn or hy the surface modifications 
introduced . 

3 " Very close agreement "between the control -force characteristi 
of the airplane as determined from flight data and characteristics 
estimated from vrjnd -tunnel data \t&s obtained v;hen the airplane 
surface irregularities were simulated on the model. 


I.angley Memorial Aei'ona-atics,! La"boratory 

National Advisory Committee for Aeronautics 
Langley Field_, Va., April 25, I9IJ.7 
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APEEJIDIX 

COMPUTATION OF STICK FOECES 


All the stick forces e::cept the values of dFg/dn were computed 
from the relationship 


1 ? 

“ s 


117? 


AC 


h 


which v’as derived from the elevator dimensions and the geometric 
characteristics of the airplane given in ta-hle I. For these 
computations the elevator “stick deflection curve to.s assumed to be 
a straight line. The values of ACj^ were obtained from the hinge- 

moment cuirves using the deflections of elevator and angles of attack 
determined from the flight -test results. The angle of attack was 
determined from the flight data by subtracting the force due to 
elevator deflection from the tota .1 force and determining the angle 

of attack from the flight value of Cj^ . For the computation.^ of 

oc 

trim characteristics the value of q at the ta.il was assumed to be 
the free -stream value of q. This assiimption was made since the tail 
is located well above the thrust axis, and it is believed that there 
should be less than 10 -percent change in q due to application of 
power . 


The estimated values of dFg/dn were obtained from the 
relationship 


dFg 

dn 


-= 12 


0.69 


“6 


+ 28 - 




ACr 


'curves 


e -0.0015 


0.0030/ ^h 


slopeE 


This method depends upon determining the increment of stick force 
caused by elevator deflection 6 ^ and the increment of stick force 

caused by angle of attack a from flight -test data. For these 
calculations the flight -test data for horn 1 were used. The stick 
forces for any of the other elevator conf igxa:*ations were obtained 
by first multiplying the increment of stick force due to 5 ^ by 

the reciprocal of the lift-effectiveness ratio and hinge -moment- 
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coefficient ratio and then multiplying the stick force due to a hy 
the hinge -moment -coefficient ratio. The multiplication factor 
ACh 

corrects for the nonlinearity of the hinge -moment curves. 

ACj^ 

■“^slopes 
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TABLE I 


GEOMETRIC CHARACTEEISTICS OF AIRPLAJE AND 0 - 5 -SCALE 
SEMISPAN MOHEL OF HOBIZONTAL TAIL SURFACE 
IJCenter-of -gravity location, 25.5 percent M.A.C^ 


Geometric 

characteristics' 

Airplane 

Model 

Gross weight, Ih 

12,910 


2 

Wing area, ft 

U90 


Stick length, ft 

1-5 


Total stick travel, deg 

55 


Elevator movement relative to 
stahllizer, deg 
Up 

17. 7 


Down 

11 


Horizontal -tail area, sq. ft 

111.5 

13.69 

Horizontal -tail span, ft 

20.83 

5.204 

Elevator area hehind hinge 
line, sq ft 

48 

5-93 

Elevator root -mean -square 
chord, ft 

2.536 

1.268 

Slope of airplane lift curve 

0.078 



0.5 
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TABLE II 

CONTROL PARAMETERS AND STICK FORCES FOE VARIOUS 
ARRANCaEMENTS OF HORIZONTAL TAIL SURFACE 


Elevator 
modif 1 - 
cation 

Horn 

<=L 

a 

X 


e 

(a) 

(a) 

(a) 

Elevator 
deflection 
required 
to land 
(deg) 

Stick force 
required to 
land 
(ID) 

(D) 

dF 

8 

(in 

(ID) 

(0) 

Stick force 
required to 
trim flaps 
(ID) 

(d) 





Wind-tunnel tests 



Original 

A 

B 

®C 

B 

B 

% 

C 

^C 

B 

C 

1 

1 

1 

1 

2 

3 

3 

3 

3 

4 
4 

0.059 

.059 

•059 

.058 

.058 

.058 

.058 

•057 

•057 

•057 

.057 

0.043 

. 04 l 

.041 

.040 

.0li2 

.0l|2 

.041 

.041 

.040 

.041 

.040 

0.003 

-0.72 

-.70 

-.70 

-.69 

-.70 

-.69 

-.69 

-.68 

-.68 

-.70 

-.69 

0.0018 

.0019 

.0016 

.0021 

.0009 

-.0001 

-.0001 

.0004 

.0004 

-.0009 

-.0004 

-0.0025 

-.0030 

-•0035 

-.0027 

-.0040 

-.0050 

-•0035 

-.0042 

-.0027 

-.0057 

-.0050 

-0.0029 

-17 

-17 

-17 

-17 

-17 

"17 

-17 

-17 

-17 

-17 

-17 

39 
41 

4 0 
40 
40 
40 
22 
38 
20 
4 o 
40 

3 i^ 

39 
42 

40 
39 
37 

27 

31 

21 

27 

24 

-30 

"32 

"30 

-40 

-22 

"7 

-4 

"13 

-10 

-2 

-4 









.003 

S-.OO29 

.003 

S -.0030 

.003 

-.0030 





Flight teste 




C 

C 

1 

3 





*^0.0030 

^-0.0015 


-17 

— 

40 

26 

-42 

-12 














® Parameters of for wlnd-timnel tests axe for 5 ^ = 0 ® 6^ = 0 ® end a = 0 . 

t) mpiij trlnmed at 120 raph with flaps down. ^ ^ 

0 - 217 inrph^ average for 2.4 InitlaLl condition; = 0.5 > ci = ”1 * 

^ = 120 mpih; initial condition; 6^ - 0®, a = 3*2 . 

® Estimated frcm effect of modification C on horns 3 and 4 . 


f 6 

~ - -0.55 parameters include effect of tah. 
e 

® Estinfited from similar data on other arrangements . 
^ Average value over fli^t range. 
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Fig. 1 



Figure 1.- Schematic diagram of test installation. 
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Fig. 2 



Figure 2.- Three-quarter front view of 0.5 -scale semispan 
model of horizontal tail tested. 
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Fig. 3 



Figure 3.- Original 0.5-scale model of left horizontal tail surface. (All 

dimensions are in inches.) 


Fig. 4 


NACA TN No. 1377 



Figure 4.- Plan form of airplane. 
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Fig. 5 



Figure 5.- Details of modifications A and B and horns 1 to 4. 
Modification B includes modification A. (All dimensions are 
in inches. ) 


Fig. 6 
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Figure 6.- Details of modification C. Modification C includes 
modifications A and B. (All dimensions are in inches.) 
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Fig. 7 



Figure 7.- Three-quarter rear view of 0.5-scale semispan model of 
horizontal tail tested. Modification C; horn 3. 
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Figure 8.- Aerodynamic characterictics of the 0.5 -scale model of left horizontal tail surface. 

Original tail; horn 1; 6^ = 0°. 
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Figure 9.- Aerodynamic characteristics of the 0.5-scale model of left horizontal tail surface. 

Modification A; horn 1; 6^ = 0°. 
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Figure 10.- Aerodynamic characteristics of the 0.5-scale model of left horizontal tail surface. 

Modification B; horn 1; 6^ = 0°. 
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Figure 12.- Aerodynamic characteristics of the 0.5-scale model of left horizontal tail surface. 

Original tail; horn 1; 6^ = -10°. 
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Figure 13.- Aerodyn am ic, characteristics of the 0.5 -scale model of left horizontal tail surface. 

Original tail; horn 1; 6^ = 10°. 
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Figure 14.- Aerod 3 aiamic characteristics of the 0.5 -scale model of left horizontal tail surface. 

Modification B; horn 2; 6. = 0°. 
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Figure 15.- Aerodjmamic characteristics of the 0.5-scale model of left horizontal tail surface. 

Modification B; horn 3; 6^ = 0°. 


Fig. 15 NACA TN No. 1377 


1.2 

1.0 

.8 

.6 

A 

1 

Ho 

-4- 

- -2 
o ^ 

V4- 

«:4 

u 

£ -6 
_j 

-8 

• 1.0 

- 1.2 

o 

4 -' 

c 

u 


2 

o 


6e 


















(deg) 



















f -28 













A 

















y 

/ 

/ 






-20 










/ 

/ 

/ 


/ 





* 









/ 

/ 

,/ 

/ 

/ 

/ 

/ 




X -/Z 








/ 

/ 



/ 


y 


7 



o -8 







/ 

/ 


/' 

/ 


y 

7 

4 

X 



V '-4 






/ 


/ 

/ 

/ 


y 

V 

A 


/ 



- -Z 





/ 

y 


y 


/ 

A 

y 

/ 

/ 

/ 


t 


0 0 




/ 

i 

/ 

/ 


/ 

/ 

y 

y 

7 

/ 


7 



- z 



/ 


/ 

/ 

/ 

/ 


Vk 

// 

y 

/ 


7 

/ 



A ^ 


j 

/ 

/ 


/ 

y 


y 


y 

/ 

/ 

/ 

y 

/ 



“ 8 


/ 

/ 


/ 

/ 


A 


4 


/ 

/ 


/ 

/ 



+ /2 

/ 

/ 


/ 

/ 

M 

4 

A 


\ 

/ 

/’ 


/' 

/ 

/ 




¥ 

/ 


/ 


/ 


A 

A 

/ 



/ 

/ 

/ 


/ 




/ 

/ 



/, 



/ 

/ 

/ 

/ 

/ 


/ 

/ 






/ 


/ 

A 

A 

A 

/ 

/ 


/ 

/ 


/' 

/ 


/ 



AO 

1 

/ 

/ 

4 



/ 

/ 


/ 

/ 

f 

/ 

/ 

/ 

/ 




4U ■ 


/' 

/ 

/, 

A 

y 


A 

/ 

X 

y 


/ 


/ 

y 

/ 





.36 

\ 

A 

/ 

4 

A 


/ 

/ 


/ 

A 

y 










A 

/ 


/ 

/ 

/ 

/ 


y- 









.32 

(/ 




/ 

/ 

/ 

/ 

y 











)c 


A 

/ 

V 

/ 


y 












.28 


A 

A 

V 

A 











7 




w 


V 

\ 












/ 




.24 














/ 

/ 





A 

\ 



N 


\ 






/ 


/ 

/ 


1 


.20 


\ 


\ 

L 

\ 


\ 





/ 

j 


/ 




i\ 

\ 

\ 


\ 




\ 



/ 


/ 

/ 


/ 

/ 


.16 

\\ 



\ 

V 



\ 





/ 

/ 

/ 

/ 

/ 

1 


\V 

\ 

\ 


K 

\ 


s 


s 

a/ 

/ 

> 

V 

/ 

/ 


^ 1 

i' 


.12 

V 

V 



\ 


\ 


) 

( 

A 

/ 

> 

s , 

/ 

/ 

i 

f 


\ 

V 

A 



\ 


A 

/ 

\ 


> 

f 

/ 

V 

A 


; 


.08 


A 

N 

\ 

\ 

\ 



A 

T 


/' 

4 


A 

% 

!L 

J 


X 

A 

\ 

V 

N 

\ 





> 

/ 

X 


X 


/ / 

(t 

T 


.04 





1 




> 











0 





















-20 


•^6 -12 -8 -4- 0 4 6 12 16 

Angle of attacK.a, deg 


20 



-20 -16 -12 -8 -4 O 4 8 12 16 20 

Angle of dfacK.a^deg 


Figure 16.- Aerodynamic characteristics of the 0.5 -scale model of left horizontal tail surface. 

Modification C; horn 3; 6^ = 0°. 
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Figure 17.- 


Aerod 3 mamic characteristics of the 0.5 -scale model of left horizontal tail surface. 

Modification B; horn 4; 6^ = 0°. 
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Figure 18.- Aerod 3 mamic characteristics of the 0.5-scale model of left horizontal tail surface. 

Modification C; horn 4; 6^ = 0°. 


NACA TN No. 1377 Fig. 18 


JL/ff coeff/c/e/7t^ 


12 

iO 

S 

(9 

.2 

0 


Zb 

-G 

^ 20 
JC 

r' 

























/ 

/ 



y 





/ 

/ 

/ 

/ 


y 

/ 

/ 




/ 

/ 


/ 


A 

z' 




< 

/ 

/ 



A 

a 

P 




/ 

/ 


/, 


A 





F 

J 

/ 

/ 

/, 


y 





/ 

{ 

/ 





> 




/ 

/y 

/ 



/ 





// 

y, 



/ 

/ 




» 

V 

/y 


/ 

/ 





c 

/ 

/ 

/ 

X 


/ 




K 

/ 

/ 

/ 


/ 





■~y 

/ 


/ 

/ 


/ 






/ 

/ 


/ 

/ 

7 




/ 

/ 


/ 


/ 

/ 



/ 


/ 

/ 

/ 

t 

// 





/ 

/ 


w 

y 


4 

/ 



/ 

/ 




/ 

7 


/ 



y 



/ 

7 

/ 

/ 




s 


/ 


A. 

/ 


/ 



\ 

\ 


/ 

/ 

A. 

/ 





\ 

/ 



/ 


/ 



\ 



d 

> 

( 

/ 

/ 






> 




? 










7 























-4 0 4- Q !Z !(> 

Ang/e of aitack ^ (X , de^ 



& 


(deg) 


-23 

cf 

-24 

4 

-20 

4 

-/G 

X 

-/2 

0 

-3 

0 

-4 

w 

-2 

0 

0 

r 

Z 

A 

4 

e 

a 

+ 

!2 


/G 

> 

-.20 


i 

% 

\ 

A) 

Q) 

8 

1 

f 

I 


.3 

Z 

./ 

O 

t/ 

2 

-3 


20 

JG 

./a 

V 08 

I 

^ O 


« - 0 ^ 

I 

I -08 

%-,2 


-20 




-4- O 4 d 12 !G 

Angle of attack ^ de^ 


Figure 19.- Aerod 3 mamic characteristics of the 0.5 -scale model of left horizontal tail surface. 

Modification C; horn 4; 6^ = -10°. 
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Figure 20.- Aerodjmamic characteristics of the 0.5 -scale model of left horizontal tail surface. 

Modification C ; horn 4; 6^ = 10°. 
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Figure 21.- Variation of hinge -moment parameters C^, and C, 
with ratio of horn area moment to elevator area moment. 
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Figiire 22.- Variation of hinge -moment coefficient wi h elevator 
deflection for plain (no horn) and balanced elevators. 
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Figure 23.- Comparison of flight and estimated longitudinal trim 

characteristics of airplane tested. Center of gravity at 25.5-percent 
mean aerodynamic chord (wheels up) ; flap and landii^ gear up; 

®t 

— = "0.5; modification C; horn 3. 
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